INTRODUCTION
An important strategy for the perpetuation of higher plant species lies in the dispersal of seeds away from the parent (Carlquist, 1974) to an environment not only conducive to eventual germination but also one in which the newly formed seedlings will have an optimum chance of attaining maturity with the capability of producing another generation of seeds (Regal, 1977; Fenner, 1985) .
In the humid tropics, seeds are often characterized as being little influenced by dormancy and germinate rapidly since optimum temperature and humidity conditions are generally present at the time of fruit maturity and the period of seed viability is of short duration (Augspurger, 1984) . In more xerophytic regimes, the strategy seems to be in the development and dispersal of seeds to coincide with the initiation of the rainy season (Opler, Franke & Baker, 1978; Foster, 1986) . Janzen & Martin (1982) have argued that gomphotheres, now extinct species of megafauna, may have served as dispersing agents for seeds of a wide range of tropical trees and that with the disappearance of these animals during the Pleistocene approximately 10,000 BP (Martin, 1973) modern-day horses and cattle have partially served to fill this role. Howe (1985) raised the question as to how it could have been possible that all these tree species survived without their presumed dispersal agents for a period of +10,000 years (Pleistocene 'overkill' -arrival of European livestock) when some plants disappear in a much shorter time period if their dispersal agents become extinct. A further quandary relates to whether fauna of any size are required or even instrumental in the successful disseminaprincipal agents of seed dispersal is questioned. Dissemination by water (hydrochory) is suggested as an alternate strategy.
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tion and germination of all of the seeds mentioned in this hypothesis.
Since Janzen and Martin first made this proposal, there has been considerable effect directed towards the influence of some form of fauna in the reproductive stragegy of Enterolobium cyclocarpum (Jacq.) Griseb. (Janzen, 1981a (Janzen, , b, c, 1982a (Janzen, , b, c, 1983a (Janzen, , b, 1984 Janzen, Demerent & Robertson, 1985) . However, there still appear to exist certain unresolved points in this regard such as Janzen's (1981b) assumption that Equus fraternus, a Pleistocene horse, may once have been an important disperser of guanacaste seeds for there is, as yet, no indication that particular means of distribution was any more efficient and less destructive of seed than is suggested (Janzen, 1981a, b) may be the case with the modern-day horse E. caballus. Concerning the impact of other animals, Janzen (1981c) has further stated that 'peccaries smash (guanacaste) seeds between their molars and that seeds are digested and killed in the guts of tapirs.'
Because of such inconsistencies I chose to challenge the inclusion of this species as part of the megafauna hypothesis.
In this paper, I present data to substantiate my premise that no animal interaction is required for the germination of the seed of E. cyclocarpum. This and other evidence has further lead me to believe that the principal strategy of seed dispersal may be by hydrochory.
NATURAL HISTORY OF ENTEROLOBIUM CYCLOCARPUM
The guanacaste ranges south from Mexico to northern South America (Record & Hess, 1943 Seed disnersal and aermination of Enterolobium cvclocarnum 371
lists it from Mexico to Venezuela and indicates that the name, of Nahuatl Indian origin, means 'ear tree', which refers to the shape of the unique dark-brown, shiny, coiled, indehiscent seed pods which are formed during the dry season. Little, Woodbury & Wadsworth (1974) write that the region where E. cyclocarpum is endemic includes the area 'from Mexico and British Honduras (Belize) south through Central America to Venezuela, Trinidad, Guayana and Brazil', and indicate that this species has been introduced as a shade tree in the West Indies and other tropical regions. While Janzen (1982b) states that 'the Guanacaste tree is rare but very large and therefore conspicuous and well known', my personal observations in Mexico, Central America, Panama, Colombia, Venezuela and Trinidad leave me with the impression that it is by no means an unusual or uncommon tree species in its proper habitat which I propose is a low elevation (below 500 m) tropical one with a considerable affinity to seashore and riverine situations. A number of collectors (Aristeguieta, 1973; Calder6n & Standley, 1941; Lundell, 1937; Pennington & Sarukhan, 1968; Pittier, 1926; Pittier et al., 1945; Seymour, 1981; Skutch, 1956; Standley, 1931 Standley, , 1937 Standley & Steyermark, 1946; Uribe & Uribe, 1940; van der Roosmalen, 1985; Witsberger, Current & Archer, 1982; Woodson & Schery, 1950) have used the words 'common', 'frequent' and 'ordinary' to quantify numbers of trees. They also use such words as 'riverine', 'near streams', 'riverbank', 'river terrace' and 'river' to describe the locale. Fig. 1 delineates the present distribution of E. cyclocarpum, based on these references. The preponderance of low elevation, coastline, riparian or river terrace habitats is obvious.
In addition to the reports listed above, information and notes on collections of seeds (Johnson & Janzen, 1982) or herbarium specimens of E. cyclocarpum together with the elevation and average rainfall (when given) in the vicinity of collection are all listed in Appendix A. Holdridge et al. (1971) The guanacaste is a large tree between 25 and 40 m in height (Fig. 2) . It is generally found with a spreading crown and a very large trunk. Branching, however, tends to be relatively low so there is almost never a long bole. Leaves are alternate, bipinnate and the narrow leaflets fold during the night. The small, white, perfect flowers are produced at the end of the dry season (March-May in the northwestern part of Costa Rica and there, a year later, again in April and May, the fruit pods which result are fully developed and ripe . There is little concrete evidence as to the mechanism of pollination.
The seeds are surrounded by an envelope of a gummy tissue with a slightly sweet taste which is presumably attractive to animals. They range from 1.5 to 2.0 cm in length and are of a flattish, oval configuration with a distinctive light brown band of colour surrounding a somewhat darker centre. The coat itself is very hard. Germination is epigeal (Vazquez-Yanes & P6rez-Garcia, 1977).
DISPERSAL AND GERMINATION OF GUANACASTE SEED
Since the Janzen-Martin hypothesis, while novel, subtle and well presented, raised many questions in my mind and was categorized as speculative by Cook (1982) , I conducted a series of trials to separately test its validity as well as that of a different assumption: one in which distribution is by water (hydrochory) and that the shape, structure and covering of seed pods evolved their present configuration, for this specific dispersal technique.
My premise is based on five separate and distinct points: 1. In the tribe Mimosoideae, the typical fruits are elongated seed pods. There are exceptions, especially in the genus Enterolobium, which in addition to the guanacaste includes a number of other species such as E. contortisiliguum (Vell.) Morong, E. elliptium Benth., E. gummiferum (Mart.) Macbr., E. schomburgkii Benth., E. tamboril Mart. and E. timbourva Mart. (Herbarium specimens, identified by A. L. Mesquita, on file at WIS), that bear fruit pods which have curled up on themselves from what is surmised to originally have been a long straight pod. I submit that coiled pods are transported more efficiently by water than straight, elongated pods.
2. While individual viable seeds of E. cyclocarpum sink rapidly in water, seed pods not only do not sink but stay afloat for many days.
3. The seed pods furthermore imbibe moisture rapidly when exposed to water and provide an environment, with the aid of the integument, for the seeds within to also imbibe water.
4. The period (?2,000,000 years BP until the present) when there was dry land in the region where E. cyclocarpum is presently endemic, was probably not of sufficient length for this species to accommodate itself to dispersal by means of large animals. Furthermore, if Martin's (1973) hypothesis is correct, sometime between 9000 and 11,000 BP all large animals in the region in question were made extinct (overkill) by the arrival of humans. The disappearance of this group of megafauna would leave a time gap during which some other efficient dispersal mechanism must have been active to account for the numbers of guanacaste trees extant today.
5. In addition to the above, the climate and geology of the Mesoamerican region during the Pleistocene suggests that water is a most reasonable means of seed dispersal for this and many other large fruited species such as Carapa guianensis Aubl.
METHODS
The germination of many seeds have been shown to be improved by pre-germination treatments which include soaking the seeds in various liquids, low temperature treatments and scarification by means of either immersion in hot water, sulphuric acid, by physically cutting through the seed coat or by burning (Mayer & Poljakoff-Mayber, 1982) . For example, the scarification of guanacaste seeds has been shown (Vazquez-Yanes & Perez-Garcia, 1977) to improve germination. The following trials were established to test the rate of germination of guanacaste seed following a variety of similar pregermination treatments. Trial I. Fresh pods of E. cyclocarpum were collected from five different guanacaste trees along the principal road near Atenas (90 10' N, 840 22' W) in western Costa Rica between 400 and 500 m in elevation during April of 1983. The average annual rainfall in this locality taken over a 37-year period is given as 1770.4 mm (Servicio Meteorol6gico, 1985) . Seeds were removed from the pods, mixed and lots of 100 were treated as follows: (a) control, (b) soaking in hot water at 40?C for 24 h (Jim6nez, 1956) , (c) soaking in water at ambient (?23?C) temperature for 24 h (to serve as a control for seeds soaked in hot water), (d) passing the seed through a human gut (mine) (in this treatment, only fifty seeds were utilized), and (e) embedding seed in freshly collected cow manure since guanacaste seedlings have been reported sprouting from cattle dung.
Following treatment, seeds were immediately planted to a depth of 1 inch in flats filled with a mixture of sand (1/3), forest soil (1/3) and rotten sawdust (1/3) at the nursery at Finca 'La Tirimbina' near the town of La Virgen de Sarapiquf (100 24' N, 840 08' W) in northeastern Costa Rica. Average annual rainfall over a period of 9 years (Servicio Meteorol6gico, 1985) is recorded as 4246.8 mm. In the case of treatment (e) to simulate natural conditions, the manure together with embedded seed was placed on top of the planting medium in a separate flat. These flats were left on raised benches in a slat house for a year. No artificial watering was applied to any of the treatments. Results are presented in Table 1 .
Trial II. A second set of experiments was conducted the following year. In this instance, seed pods were collected in mid-April 1985 from the same trees on the road to Atenas and also from a sample of E. cyclocarpum close by La Virgen de Sarapiqui near the farm where the first germination tests had been conducted. Pre-germination treatments, in this case, consisted of (a) control, (b) soaking for 24 h in water at 45?C, (c) soaking for 24 h in water at ambient (?23?C) temperature, (d) heat treatment in an oven at 45?C for 24 h, (e) scarification by drawing a triangular file across the seed surface six times, and (f) seed passed through a human gut. Following pregermination treatments, all seeds were tested for germination by placing them, in individual lots, on moist paper towels wrapped in wet newspapers ('rag doll' treatment) which were kept moist throughout the test. In addition, ten recently harvested but unopened seed pods from each locality were placed on flats, covered lightly with sawdust and left exposed to the elements. The pods collected near La Virgen were a bit soft owing to the fact it had rained a total of 23 mm during the 3 days prior to harvesting them. The pods from Atenas were hard, almost brittle. Pods contained an average of 12.2 seeds. Data from this trial are presented in Table 2 .
Trial III. From the results of the two previous trials it was apparent that scarification and heat improved germination rates. It was also obvious that seeds from the more humid habitat as well as those which had been soaked in water prior to testing, germinated in a manner superior to the unsoaked seeds or those from a drier habitat. To test these observations, three final germination trials were conducted - In the first case, guanacaste seeds, collected in both Atenas and Sarapiqui, were scarified with a file, presoaked in water at 75, 50 and 25?C. All were then placed on moist paper towels and these rolled inside wet newspapers to test for germination. Data are presented in Table 3 .
In the second case, after taking certain safety precautions, the area under a guanacaste tree near Atenas was set on fire in April 1986. The ground cover was almost exclusively dried jaragua grass (Hyparrhenia rufa (Nees) Stapf in Prain), the typical pasture of this region. The dry grass, averaging about a metre in height, was well filled with recently produced guanacaste seed pods. This experiment was an attempt to duplicate natural or man-set fires in the tropics (Sanford et al., 1985) as well as the current prevailing man-made impact of burning on large areas of Mesoamerica towards the end of the dry season. Once the area was incinerated, seed pods were collected and 100 seeds from those pods which were not completely charred were placed on moist paper towels inside wet newspaper 'rag dolls' to test for germination. Data are presented in Table 4 .
Finally, pods from the previous year's production (1985) located in the trash in the fence rows by the side of guanacaste trees were collected and a sample of 100 seeds from these which had passed through an entire year of exposure to the elements, were removed and subjected to germination tests. The data are also presented in Table 4 . 
DISCUSSION
One month after Trial 1 had been initiated on 4 May 1983, there was no indication of germination in any of the flats but a total of 87% of the seed planted in cow manure had already sprouted. As time passed and there was no sign of germination in any treatment but that of the cow manure (final germination count 98%), the trial was temporarily set aside. In February 1984, however, guanacaste sprouts began to appear in the different flats. As time passed, more seed began to germinate and sprouts emerge.
The superior results following embedding the guanacaste seed in cow manure over other pre-germination treatments was puzzling, particularly since the seed which was passed through a human gut (37?C) germinated no better than the control. Normal temperatures for a cow are 39?C and it is presumed that the body temperature of a gomphothere could not have been much higher than this.
Temperatures taken of both old and fresh cow manure in nearby pastures in no case registered higher than 40?C even that exposed to a hot sun during the middle of the day. To reaffirm the procedure in this particular trial, the worker who pro, essed seed in cow manure was questioned as to his exact methodology. Since he believed the manure should be at least as warm as a cow's body and that which he had collected was by no means that temperature, he admitted to placing the moist, fresh manure in which guanacaste seed had been embedded in a plastic bag on Saturday morning and left this until the following Monday inside a compost heap at the farm, which he knew to be warm. Several readings of similar compost heaps averaged 45.8?C.
This raised a number of questions such as whether gomphotheres might have had high body temperatures or whether the amount of waste, presumably containing guanacaste seeds, defaecated by these animals was of sufficient quantity to ferment and thus raise the temperature of the faeces surrounding the seeds to at least 45-46?C. Jackmann (1985) indicates that during the dry season temperatures of elephant droppings do not exceed 33-35?C and during the wet season dung beetle activity as well as heavy rains themselves may cause droppings to disappear within 20-24 h. He concluded that 'fermentation in elephant and rhino droppings is a process hardly worth mentioning.' It is presumed that a similar situation exists or existed for other large animals.
The results of these experiments did not duplicate the data obtained by other investigators except in the case of those embedded in the cow manure. Even those seeds which were scarified did not germinate as rapidly as in the 3 days reported by Vasquez-Yanes & P6rez-Garcia (1977) to achieve 100% germination. Furthermore, other treatments as well as untreated (control) seeds eventually gave much better results than the 3% maximum obtained after just 6 days by the investigators mentioned above.
The two principal factors which appear to influence germination in the case of seed of E. cyclocarpum are water and temperature. Those seed which were collected from a humid environment (Sarapiqui) and scarified, gave higher germination rates than any other except those embedded in cow manure. Scarification of seeds from Atenas aided in germination as well, when compared with untreated seed. In all cases, just prior to germination, seeds swell to almost twice their original size which is due to the quantity of water imbibed.
Guanacaste seeds are surrounded, inside the seed pod, by an envelope of gummy tissue with a slightly sweet taste. Janzen (1982b) suggests that this sac developed 'to reduce the chance that the cusps of the molars of large herbivorous mammals will scarify the seed.' It could also be argued that this integument acts to absorb moisture at the initiation of the rainy season to aid in germination as described by Garwood (1985) in the case of the cuipo tree (Cavanillesia platanifolia (H. & B.) HBK). In any case, guanacaste seeds will not germinate until an increase in internal water content has reached a certain minimum. This action may be hastened through heat or scarification damage to the seed coat or through natural imbibation from very moist surroundings.
As indicated in the first trial (Table 1) there is no cause to presume seeds will not germinate if they do not do so immediately. The results show that it took as much as 9 month's time for the initiation of germination in the first four treatments. In the case of the untreated seeds (control, Table 2) frotn Sarapiquf which had been imbibing water from their humid environment for some time, once planted under favourable conditions, began to swell and germinate while seed from the drier region of Atenas, without the pregermination benefit of this moisture, showed no inclination to gerrinate even after a month and a half following planting. In addition, seeds which had not germinated under natural conditions (Table 4) during an entire year when provided with a continuous humid environment did finally respond.
Heat treatments appear to be beneficial to germination. After the first burst of germination on 3 May 1985 (Table  2) , however, many seeds which had swelled in size and appeared ready for germination died and became covered with mould. It is suggested that for those seeds which have already imbibed sufficient water to be in a swollen condition, heat can be detrimental rather than beneficial. The benefit in this case appears to alter the seed coat sufficiently to permit more rapid imbibation of water, once this is available in sufficient quantity. The hard seed coat may thus be considered as a safety mechanism to prevent seeds from germinating until there is sufficient moisture in the environment to guarantee not only germination but seedling survival.
With regard to seed collected in a more arid environment, heat treatment in an oven at 45?C produced the highest rate of germination. There was a higher percentage of seed germinated from Atenas in this trial (Table 3) than for the seed collected from the more humid Atlantic region and similarly treated. It should be noted here that under commercial plantation management seeds of Acacia mernsii De Wild. (Purseglove, 1968) are pre-treated with hot water to assure more rapid germination. If there is poor or delayed germination after planting in the field, great numbers of these black wattle seeds germinate when the area is burned. Heat was the most significant pre-germination procedure for seed collected from the drier part of Costa Rica.
The cow manure treatment may be explained not as one in which heat is the activating agent but rather constant exposure to the very humid environment of the manure packed inside a plastic bag. Seeds which passed through a human gut at 37?C were in a humid environment (both small and large intestines, including the caecum) for only 10-15 h. It is not that seeds taken up by a cow when it ingests a guanacaste seed pod remain in the cow for a longer period or at a higher temperature, as the fact that when defaecated they are enveloped in the humid surroundings of the dung. Cow dung, furthermore, resists desiccation and readily absorbs and retains any moisture in the vicinity thus capable of maintaining a humid condition for some time. It is thus suggested that the humid environment of the manure inside a plastic bag could have been the major contributing factor to the immediate and high germination of this experiment.
It may be concluded, from the results of these different trials, that:
(1) With adequate moisture and temperature, seeds of E. cyclocarpum will germinate without interaction with any animal of any size.
(2) To imbibe moisture efficiently, guanacaste seeds should be surrounded by some water-holding material which must be supplied with a minimum of water during the germinating period. Moist E. cyclocarpum fruit pods, or seeds from these pods embedded in a medium such as moist cow manure, soil or even sawdust will serve this purpose.
(3) Seeds will germinate in the seed pods. This not only implies there is no inhibitory substance within the pod but that the pod and especially the seed pouch may be instrumental as humidity regulators. Under natural conditions many seeds germinate in this manner and in no case is the removal of the seeds from the pod a requirement for plant reproduction.
(4) Animals, of any size, although often observed eating guanacaste seeds and seed pods, have only a peripheral relationship to seed distribution and germination. At the end of the dry season, with a scarcity of food, animals will attempt to eat anything available. According to Standley & Steyermark (1946) , during periods of famine, even humans resort to eating guanacaste seed pods. Neither horses nor cattle have ever been observed eating guanacaste seed pods under guanacaste trees in more humid regions where abun-dant pasture is available throughout the year. Furthermore, Janzen et al. (1985) indicate that 'the (guanacaste) seed with a reasonable chance of surviving is the seed that not only does not germinate inside the dispersal agent but is also not so scarified during passage that it germinates immediately in the dung. Rather, the surviving seeds are those that become incorporated into the litter as the dung is decomposed and at some later time have their dormancy broken by seed coat degradation in the soil', implying that animal ingestion may well be precarious to germination capability.
(5) Seed treatment by intense heat for very brief periods or moderate heat for a longer time span benefits the germination process in E. cyclocarpum. Fires at the end of the dry season, when guanacaste seed pods fall from the trees, may well aid in germination.
The remaining point of discussion is the mechanism by which seeds are distributed. When the climate of the region in which E. cyclocarpum is now endemic is taken into consideration, I am led to believe that E. cyclocarpum could have evolved as a tropical lowland tree in an environment adjacent to streams and rivers or at the base of sharply rising mountains as these are areas where the most promising locations for more humid habitats, at the initiation of the rainy season, during the past several million years. This further leads me to presume that the principal (but certainly not exclusive) method of fruit, and thus seed, distribution is by barochory so timed that fruit fall coincides with the beginning of a rainy season and the potential progeny of the trees are thus be moved from their parent by water transport as suggested by Gentry (1983) as a prevalent means of dispersal in seasonally inundated forests.
